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Abstract 
 
The work gives the estimation of the heat capacity jump at melting in water of collagen fibers of 
rat tail tendons. The measurements were carried out by an original calorimetric system designed by the 
authors, which in contrast to modern differential scanning calorimeters making the measurements 
under not equilibrium conditions due to the continuous heating of samples during the scanning, allows 
make the measurements both in scanning regime and also in pulsed regime under equilibrium 
conditions . The measurements carried out far from the phase transition in the pulsed regime allowed 
to determine exactly under equilibrium conditions the heat capacity before and after transition. As a 
result, the exact value of heat capacity jump under the equilibrium conditions was determined at 
melting.  
 
Introduction 
   
The temperature of stability of collagen fibers exceeds the temperature of denaturation of triple helix 
in the solution by 220C in average [1]. Though there is some success in understanding the nature of 
forces responsible for the increase of fibril stability, the problem is not studied completely yet. Some 
contribution to the increase of the temperature of fibril melting, as compared to triple helix, can be 
made by the hydrophobic interactions, which, as is known, are of entropy nature [2]. According to 
other explanation, the increase can be caused by additional hydrogen bonds between the triple 
helixes[3].  
As it is known from the study of thermodynamic properties of globular proteins, for the 
solution of the role of hydrophobic interactions the most efficient approach is the measurement of heat 
capacity jump at the transition of protein from native to denaturation state [2]. Therefore, in this work 
the effort was made to estimate the value of heat capacity jump at melting the collagen fibers of rat tail 
tendons.  
The existing differential calorimetric systems make the measurements only in scanning 
regime, as a result of which, the significant temperature gradients appear inside the measured cell and 
the pattern can be strongly deformed. The purpose of the paper is to study the thermodynamic 
properties of collagen fibers of at tail tendons under the conditions of thermodynamic equilibrium. 
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Materials 
 
Rat tail tendon preparation. Tails of six week-old rats were excised from the carcasses and released 
from skeleton. In order to exclude the side-effects connected with the change of the amount of 
hydrated water and with age-related changes [4], the experiments were made on fibrils from one and 
the same object. The fibrils were immediately washed in distilled water, and all visible contaminants 
were removed from fibrils under the microscope. Prior to experiments the fibrils were dried in vacuum 
for an hour at room temperature in order to remove the remained moisture. The collagen fibrils 
cleaned this way contain 97% of pure collagen. 10-20 mg fibril was placed into calorimetric ampoule 
and the distilled water was added, the amount of which was twenty times more as the weight of 
collagen, and was kept for a night before starting the experiment.  
 
Calorimetry 
  
Measurements of a heat capacity jump of collagen fibers were carried out on a high-sensitivity and 
precision multipurpose pulsed differential scanning calorimeter (PDSC), which was designed in 
Andronikashvili   institute of physics of Tbilisi Georgia, by authors. Calorimetric system PDSC differs 
from usual differential scanning calorimeters (DSC) that allows spend measurements not only in 
scanning mode, but also in a pulsed mode i.e. in equilibrium conditions.  
At present the most sensitive calorimeters are the differential scanning calorimeters (DSC), they are 
characterized by comparatively shorter time of measurements also (that can be regulated by scanning 
rate), than the classical pulsed calorimeters and they are used more widely [5-8]. But they have one 
important disadvantage, since the measurement of heat capacities by these devices is made under non-
equilibrium conditions because of continuous heating, and hence, they have not sufficient high  
accuracy (at high sensitivity), not allowing to study many “fine” effects. That is why, in case of DSC, 
the measured physical characteristics often depend on scanning rate [9]. 
Authors developed a new method of calorimetry to eliminate the main disadvantage of DSC (making 
measurements of the heat capacities under non-equilibrium conditions). On the basis of this method a 
pulsed differential calorimeter (PDC) of high-sensitivity and accuracy was created   [10].  
The measuring differential container of PDC consists of two identical cells, in which a sample and a 
standard are placed. The cells are connected by a thermal battery that measures the temperature 
difference between the cells and, at the same time, provides the required thermal link between them. 
Before applying a thermal impulse of Δt duration and after passing a certain time of relaxation τ >> Δt, 
the studied sample and the standard are in thermal equilibrium and their temperatures are similar. 
During the whole process of measuring, the differential container is thermally isolated. The similar 
heat pulses Q=IUΔt are applied to both cells by means of electric heater. The change of cell 
temperatures in time is described by the expressions : 
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where Ti = T1(0) = T2(0)  is the initial temperature of cells before applying the heat pulse, δT(t1)  is the 
– instantaneous temperature difference between cell temperatures, k is the coefficient of heat 
conductivity between the cells, δq(t1) is the amount of heat power supplied  to  each cell during the 
action of the pulse  and θ(t) is the step function determined by θ(t) = 1  at t≥ 0 and   θ(t) = 0 at t < 0. 
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 After finishing the relaxation at the moment Δt + τ, exp. (1) becomes: 
                              С1ΔT = IU Δt – ΔQ            
                              C2ΔT = IU Δt + ΔQ,                           (2)                          
 
where  ΔT = Tf - Ti  is the temperature increment for the studied sample and the standard,  Tf = T1(Δt + 
τ) = T2(Δt + τ) is the final temperature of the cells after finishing the relaxation process ,    IUΔt = 
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the amount of heat passed from one cell to the other (thanks to thermal link between the cells) due to 
temperature difference δT(t) at the transition from one equilibrium state to other equilibrium state. 
And finally, the difference in heat capacities is calculated according to ΔС=2ΔQ/ΔT. 
PDC has a very high sensitivity, as the heating rate in the pulse is high, but, at the same time, as 
compared to DSC, it has higher accuracy, as can make measurements under the equilibrium conditions 
like the classical pulsed calorimeters that measure the absolute heat capacity of samples. In the pulsed 
regime, PDC measures the difference in heat capacities ∆C between the studied and the reference 
samples under the equilibrium conditions, this difference can makes a very small (~1%) part of the 
heat capacity of the sample and is within the error of measurements of the calorimeters measuring the 
absolute heat capacities. The relative error δC/C ≈ 10 -4, where  δC is the error of measurement of ∆C, 
and C is the absolute heat capacity of the sample. Simultaneously with ∆C, the absolute heat capacities 
of the studied and reference samples C1 and C2 respectively are measured with the same accuracy, as 
in the case of ordinary calorimeters measuring the absolute heat capacity.  
By this calorimeter the high precision measurements of the anomaly of low-temperature heat 
capacity were made in different substances [10, 11]. 
 PDC cannot be substituted  for carrying out the experiments at low temperatures (T<50K), when 
the time τ = C/k of establishing the equilibrium in the studied system is short due to the low heat 
capacity  of this system C and the large coefficient of heat conductivity k [12]. With the increase of 
temperature the time of pulse experiments sharply increases causing inconvenience. Therefore, the 
authors has combine pulse and scanning methods in one device and create a pulsed differential 
scanning calorimeter (PDSC), allowing to carry out the exact measurements with high sensitivity 
under the equilibrium conditions as in PDC, and at the same time requiring relatively short time for 
carrying out experiments, as in the case of DSC. It should be emphasized that this fact is very 
important. Such combination of regimes makes it possible to check the curves of heat capacity 
registered at relatively high temperature in the continuous heating regime, which, as our experience 
shows, frequently differ from the real curves. To determine the real temperature dependence of the 
heat effect at its measuring in continuous heating regime, it is enough to register the real values of this 
effect only at several temperatures in pulsed regime and thus, we can correct the whole curve. The 
sensitivity of the device in the operating temperature interval is ~10-8 W, the working temperature 
interval of the device is 65K-370K, the rate of scanning at the continuous heating is possible to change 
from 6 K/h to 60 K/h. The loading of samples is made as usually without opening the vacuum system 
of calorimeter.  
 
Results and Discussion 
 
 The samples of collagen fibers were prepared the day before the experiment. In one of the 
ampoules 20 mg of fiber was placed and distilled water was added. In other ampoule the same amount 
of water was poured, the amount of water was controlled by analytical scales. Fig. 1 shows a typical 
pattern of temperature dependence of heat capacity at melting the rat tail tendon put into distilled 
water. In order to eliminate the additional errors connected with age-related changes and with other 
factors, all experiments were carried out on the fibrils of one and the same object.  The results of 
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measurements are given on the Fig. 2. Temperature of melting is T=331K, enthalpy, entropy and heat  
capacity jump at the  denaturation in water are : ∆Hr=59.7J/g; ∆Sr=.179J/gK,. ∆Cp=0.46. After 
denaturation, the heat capacity of collagen fibers does not depend on temperature within the 
experimental error and is equal 2.60 J/gK. 
As it was mentioned above the value of heat capacity jump for fibrils in water makes 0.46J/gK. It 
may be caused by hydrophobic interactions, as in the literature there are data indicating the role of  
 
 
 
 
 
 
                           
 
 
 
 
 
   
 
 
Fig.1 Typical calorimetric record of melting of collagen fibers in water 
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               Fig.2.       Partial heat capacity jump of collagen fibers at melting in water  
 
 
hydrophobic interactions at the formation of collagen fibers [13]. The relation between the value 
of heat capacity jump and the hydrophobic interactions is followed unambiguously on the 
example of globular proteins. For the majority of globular proteins, the hydrophobic interactions 
play the important role for the stability of globule. If we compare the results obtained by us with 
the results obtained for heat capacity jumps in globular proteins, in which the hydrophobic 
interactions really determine the stability of globule, its value in collagen is of the same order, as 
in ribonuclease - the protein with the lowest level of hydrophobic interactions [14].  
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Summary 
 
The estimation of heat capacity jump at melting of collagen fibers having principle 
significance for determination of the role of hydrophobic interactions in the process of 
formation and stabilization of collagen fibers have been performed for collagen fibers of rat tail 
tendons in aqueous medium with high precision at thermodynamically equilibrium conditions 
what allows to except kinetic factors of melting a triple helix of collagen which can influence 
on this size. The researches have been done by a developed by authors high precision pulsed 
differential scanning calorimeter (Pulsed DSC) providing the measurements of heat capacity 
under the thermodinamically  equilibrium conditions with high precision, in contrast to 
commonly used differential scanning calorimeters (DSC) making the measurements under not 
equilibrium conditions.  
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